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(54) DEVELOPER AND PATTERN FORMING METHOD 

(57)Abstract: 

PURPOSE: To provide a pattern forming method using a positive type resist material for exposure with 
high energy beams excellent in applicability to a process. 

CONSTITUTION: One or more kinds of crosslinking agents selected from among hexamethylolmelamine, 
phenylenediamine and xylylene glycol are added to a developer contg. tetraalkylammonium hydroxide to 
obtain the objective developer used for a chemical amplification type positive resist material. A pattern of 
a chemical amplification type positive resist contg. a polyhydroxystyrene deriv. is formed through a heat 
treating process after exposure, a developing process using a developer obtd. by adding a crosslinking 
agent to an aq. alkali soln. and a deihydrating and baking process. Irradiation with far UV may be carried 
out after the development or development with only an aq. alkali soln. and processing with a soln. contg. a 
crosslinking agent may be carried out. The deformation of the formed pattern during etching can be 
inhibited. 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The developer characterized by coming to add one or more sorts of cross linking agents chosen 
from the hexa methylol melamine, the phenylenediamine, and the xylylene glycol into the developer 
containing tetra-alkylammonium hydroxide in the developer used for a chemistry magnification mold 
POJIREJISUTO ingredient. 

[Claim 2] The pattern formation approach characterized by including the process heat-treated after 
exposure, the process developed with the developer which added the cross linking agent in the alkali water 
solution, and the process which carries out dehydration bake in the pattern formation approach used for 
chemistry magnification mold POJIREJISUTO containing a polyhydroxy styrene derivative. 
[Claim 3] The pattern formation approach characterized by including the process heat-treated after 
exposure, the process developed with the developer which added the cross linking agent in the alkali water 
solution, and the process heat-treated after an far-ultraviolet-rays exposure in the pattern formation 
approach used for chemistry magnification mold POJIREJISUTO containing a polyhydroxy styrene 
derivative. 

[Claim 4] The pattern formation approach characterized by including the process heat-treated after 
exposure, the process developed in an alkali water solution, the process which carries out immersion 
processing at the solution containing a cross linking agent, and the process which carries out dehydration 
bake in the pattern formation approach used for chemistry magnification mold POJIREJISUTO containing a 
polyhydroxy styrene derivative. 

[Claim 5] The pattern formation approach characterized by including the process heat-treated after 
exposure, the process developed in an alkali water solution, the process which carries out immersion 
processing at the solution containing a cross linking agent and strong acid, and the process which carries 
out dehydration bake in the pattern formation approach used for chemistry magnification mold 
POJIREJISUTO containing a polyhydroxy styrene derivative. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention has high sensibility to high energy lines, such as far ultraviolet rays, 
an electron ray, and an X-ray, and relates to the pattern formation approach of the chemistry magnification 
mold POJIREJISUTO ingredient developed in an alkali water solution. 
[0002] 

[Description of the Prior Art] Although detailed-ization of a pattern rule is called for with high integration 
and high-speed-izing of LSI, in the optical exposure used as a current general-purpose technique, the 
limitation of the essential resolution originating in the wavelength of the light source is approached. In the 
optical exposure which makes the light source g line (436nm) or i line (365nm), the 0.5-micrometer pattern 
rule is about made into the limitation, and the degree of integration of LSI manufactured using this 
becomes to an equivalent for 16 M bit DRAM. However, the prototype of LSI has already come even to this 
phase, and development of the further detailed-ized technique serves as pressing need. Promising ** of 
the far-ultraviolet-rays lithography is carried out as next-generation ultra-fine processing technology by 
such background. It is possible also for 0.3-0.4-micrometer processing, and when the small resist of light 
absorption is used, formation of the pattern which has a perpendicularly near side attachment wall to a 
substrate is possible for far-ultraviolet-rays lithography. Moreover, since a pattern can be imprinted to a 
package, it is more advantageous than electron beam lithography in respect of a throughput, as the light 
source of recent years and far ultraviolet rays — high — in order to become a stage using brightness KrF 
excimer laser and to be used as mass production technology, the resist ingredient with it is demanded. 
[ small and light absorption and ] [ high sensitivity ] the acid developed in recent years — a catalyst — 
carrying out — chemistry magnification (chemical amplification) the resist ingredient to perform — [ — for 
example Lew et al. (Liu) and journal OBU Vacuum Science and — technology (J.Vac.Sci.Technol.) — the 
Bth — six volumes and 379th page (1988)] have the conventional high sensitivity resist and the sensibility 
more than an EQC, and moreover, its definition is high and they have the outstanding description also with 
high dry etching resistance. Therefore, it is a resist ingredient especially promising for far-ultraviolet-rays 
lithography. As negative resist, SHIPURE (Shipley) has already commercialized 3 component chemistry 
magnification resist (trade name SAL601ER7) which consists of novolak resin, a melamine compound, and 
an acid generator. However, there is that [ no ] by which the positive resist of a chemistry multiplier 
system was still commercialized. On the production process of LSI, although wiring, gate formation, etc. 
can respond by negative resist, by contact hole formation having used negative resist, detailed processing 
is difficult for a fogging and cone sake, and the positive resist is far suitable for it. Therefore, the highly 
efficient positive resist is demanded strongly. Conventionally, Ito and others (Ito) adds onium salt to resin 
called PBOCST which protected the OH radical of polyhydroxy styrene by the t-butoxycarbonyl group 
(tBoc radical), and is developing the chemistry magnification resist of a positive type. However, the used 
onium salt contains antimony as a metal component [bibliography:Pori Mars Inn electronics, the 242nd time 
(Polymers in Electronics and ACS Symposium Series) (American Chemical Society, Washington DC.1984) 
of ACS symposium series, and the 11th page]. In order to avoid the contamination to a substrate, generally 
the metal component in a resist ingredient is disliked. Therefore, a PBOCST resist is not desirable on a 
process. Moreover, in a tBOC system positive resist, in the etching process after pattern formation, since 
a tBOC radical decomposes and it becomes isobutene gas and the choke damp, possibility of producing the 
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pattern deformation by thickness change or the volumetric shrinkage is high. Generally, in order that 
crosslinking reaction may occur, as for a novolak resin system photoresist, the thermal resistance of a 
pattern is improved by the postbake and ultraviolet-rays KYUA after resist pattern formation. Since bridge 
formation can take place easily also neither by postbake nor ultraviolet-rays KYUA, the resist which makes 
a polyhydroxy styrene derivative a base polymer produces pattern deformation. This pattern deformation 
changes with pattern configurations, and is [ a bigger pattern ] larger. [ of deformation ] It is presumed that 
the above thickness change and volumetric shrinkages pose a big problem at precise micro processing. 
Moreover, the resist which used the polyhydroxy styrene derivative as base resin had the problem that the 
breakaway resistance in a fluoric acid water solution was low, as compared with the novolak resin system 
photoresist. 
[0003] 

[Problem(s) to be Solved by the Invention] Although the chemistry magnification mold resist containing 
polyhydroxy styrene ******** has the advantage which is high definition in high sensitivity in far ultraviolet 
rays, an electron ray, and X ray lithography as explained above, the pattern deformation in the process 
after pattern formation includes the large trouble, and it is difficult for the present condition to still present 
practical use. The purpose of this invention is to offer the pattern formation approach of the positive- 
resist ingredient for high energy line exposure excellent in process applicability exceeding the conventional 
technique. 
[0004] 

[Means for Solving the Problem] If this invention is outlined, invention of the 1 st of this invention will be 
invention about a developer, and it will be characterized by coming to add one or more sorts of cross 
linking agents chosen from the hexa methylol melamine, the phenylenediamine, and the xylylene glycol into 
the developer containing tetra-alkylammonium hydroxide in the developer used for a chemistry 
magnification mold POJIREJISUTO ingredient. Moreover, invention of the 2nd of this invention is invention 
about the pattern formation approach, and it is characterized by including the process heat-treated after 
exposure, the process developed with the developer which added the cross linking agent in the alkali water 
solution, and the process which carries out dehydration bake in the pattern formation approach used for 
chemistry magnification mold POJIREJISUTO containing a polyhydroxy styrene derivative. Moreover, 
invention of the 3rd of this invention is invention about other pattern formation approaches, and it is 
characterized by including the process heat-treated after exposure, the process developed with the 
developer which added the cross linking agent in the alkali water solution, and the process heat-treated 
after an far-ultraviolet-rays exposure in the pattern formation approach of this invention. Furthermore, 
invention of the 4th of this invention is invention about other pattern formation approaches, and it is 
characterized by including the process heat-treated after exposure, the process developed in an alkali 
water solution, the process which carries out immersion processing at the solution containing a cross 
linking agent, and the process which carries out dehydration bake in the pattern formation approach of this 
invention. Furthermore, invention of the 5th of this invention is invention about other pattern formation 
approaches, and it is characterized by including the process heat-treated after exposure, the process 
developed in an alkali water solution, the process which carries out immersion processing at the solution 
containing a cross linking agent and strong acid, and the process which carries out dehydration bake in the 
pattern formation approach of this invention again. 

[0005] If this invention is ****(ed), this invention will be invention about the developer and the pattern 
formation approach of a positive-resist ingredient, and it will be characterized by making under pattern 
formation or the pattern after pattern formation diffuse a cross linking agent, and making base resin 
produce bridge formation by subsequent heat treatment. 

[0006] Although pattern deformation can be prevented even if a tBOC radical decomposes if base resin 
constructs a bridge and a pattern can be strengthened, a polyhydroxy styrene system resist cannot 
produce bridge formation easily. For this reason, addition of a cross linking agent is needed. However, when 
a cross linking agent is added into a resist ingredient, in the case of a positive resist, there is a problem by 
which the decomposition reaction of a positive type is influenced by the crosslinking reaction by the cross 
linking agent. For this reason, it is necessary to introduce a cross linking agent into pattern formation and 
an after [ pattern formation ] pattern, this invention persons came to make a header and this invention for 
the effective approach as an approach of introducing a cross linking agent into a pattern. 
[0007] One of the important operations of this invention is that add the cross linking agent to the 
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developer, a pattern swells at the time of development, and a cross linking agent is spread in it. Then, 
dehydration bake is carried out at the low temperature of extent which decomposition of a tBOC radical 
does not produce, and bridge formation of polyhydroxy styrene is produced. Since an acid will be generated 
if an far-ultraviolet-rays exposure is performed before dehydration bake, decomposition and bridge 
formation of tBOC take place to coincidence. In this case, although a volumetric shrinkage is large, since 
crosslinking density becomes high, thermal resistance improves more. Another is immersed into the 
solution containing the cross linking agent after pattern formation, and diffuses a cross linking agent in a 
pattern. Then, it bakes at the low temperature of extent which decomposition of a tBOC radical does not 
produce, and bridge formation is produced. At this time, by adding strong acid, an acid is diffused like a 
cross linking agent and decomposition of tBOC occurs in bridge formation and coincidence. For this reason, 
the same effectiveness as the far-ultraviolet-rays exposure before dehydration bake is expectable. 
[0008] As a developer, although the tetramethylammonium hydroxide water solution was generally used 
among tetra-alkylammonium hydroxide, as a cross linking agent, polyfunctional compounds, such as a hexa 
methylol melamine, a phenylenediamine, benzene dicarboxylic acid, a water-soluble benzene disulfon acid, a 
water-soluble xylylene glycol, etc., were effective. Although the addition of a cross linking agent can be 
changed to 0.5 to 15 % of the weight, in order to change the alkali concentration of a developer, it is 
necessary to control it enough. That is, since a development rate becomes slow in the case of an acid 
cross linking agent, it is necessary to make developing time increase. Conversely, since a development rate 
becomes quick in the case of a basic cross linking agent, it will be necessary to shorten developing time. 
[0009] When carrying out after [ pattern formation ] immersion processing, it is necessary to use nonpolar 
organic solvents, such as a water solution which does not dissolve a pattern as the immersion solution or a 
chlorobenzene, and a xylene. Since alcohol and ketone solvent dissolve a pattern, they cannot be used. In 
the case of a water solution, the water-soluble above-mentioned polyfunctional compound can be used. 
When using organic solvents, such as a chlorobenzene, a polyfunctional epoxy compound can be used as a 
cross linking agent. The strong acid used as the catalyst of crosslinking reaction can use trifluoroacetic 
acid, trifluoro methansulfonic acid, and Para toluenesulfonic acid. Although the addition of a cross linking 
agent can be made [ more ] than the case of a developer, since there is a problem which a resist pattern 
comes to dissolve in a solution in part when it becomes 30% or more, it is necessary to control less than 
[ it ]. By making temperature of processing liquid high, the acid to the inside of a pattern and diffusion of a 
cross linking agent can be promoted. 

[0010] After forming a pattern by the tBOC system chemistry magnification mold resist, indirect 
desulfurization water BEKU was carried out on the 100-degree C hot plate for 2 minutes. Although a 
pattern 1 micrometer or less will hardly change if BEKU [ the sample ] above 120 degrees C, a pattern 100 
micrometers or more produces retreat of a pattern edge for contraction. If it becomes especially 1 40 
degrees C or more, this variation will become large and will produce retreat of 5 micrometers or more. On 
the other hand, it checked that pattern deformation could use small what strengthened the pattern in an 
LSI process by immersing a pattern in the above-mentioned processing liquid in front of dehydration bake, 
diffusing a cross linking agent, and making a resist polymer construct a bridge. Although pattern 
deformation can be made small below in the softening temperature of a base polymer, when polyhydroxy 
styrene is used for a base polymer, pattern deformation can be controlled to 180 degrees C. 
[0011] 

[Example] Although the following examples explain this invention, this invention is not limited to these 
examples. 

[0012] Some hydroxyl groups of example 1 polyhydroxy styrene Resin which turned tBOC The 80.6 weight 
sections 3, 3-screw [p - (t-buthoxycarbonyloxy) 

Phenyl] butanoic acid t-butyl ester 14 weight sections bis(p-t-buthylphenyl) iodonium Trifluoromethane 
sulfonate Five weight sections jig lime (solvent) Spin spreading of the resist solution which consists of the 
400 weight sections was carried out by 3000rpm at the silicon substrate, and it prebaked for 1 minute at 
100 degrees C on the hot plate. Thickness was 0.9 micrometers. 

[0013] After drawing with an electron ray with an acceleration voltage of 30kV on the above-mentioned 
resist film, PEB was performed on the 75-degree C hot plate. Then, development was performed in the 
water solution of 2.0% of tetramethylammonium hydroxide (TMAH) for 1 minute using the developer which 
added the hexa methylol melamine 3% of the weight, and the rinse was carried out to it for 1 minute with 
water, the property of a positive type — being shown — Do sensibility — 2microC/cm2 it was . the case 
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where a hexa methylol melamine is not added — 4microC/cm2 it is — it becomes high sensitivity by cross 
linking agent addition. By making the obtained resist pattern construct a bridge by 100-degree C 
dehydration bake, even 140-degree C BEKU checked not producing pattern deformation. 
[0014] It replaced with the cross linking agent hexa methylol melamine of an example 2 and three examples 
1, and the same approach as an example 1 estimated pattern deformation using the cross linking agent of 
the following table 1. It checked that neither of the cases produced pattern deformation at 140 degrees C. 
[0015] 
[Table 1] 
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[0016] After carrying out exposure and PEB like four to example 8 example 1, negatives were developed 
for 1 minute in the TMAH water solution 2.0% of the weight. After carrying out immersion processing of the 
cross linking agent which shows the obtained pattern in Table 2 for 1 minute in the water solution included 
5% of the weight, the pattern was made to construct a bridge by dehydration bake. In this case, since cross 
linking agent concentration was higher than examples 1-3, crosslinking density was high and checked not 
producing pattern deformation in BEKU which is 1 60 degrees C, either. 
[0017] 
[Table 2] 
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[0018] The same approach as examples 4-8 estimated pattern deformation using the processing liquid 
which added the trifluoroacetic acid (example 9) used as a catalyst, trifluoro methansulfonic acid (example 
10), and Para toluenesulfonic acid (example 11)5% of the weight in the processing liquid in nine to example 
1 1 examples 4-8. Since the strong acid of a catalyst was spread to a pattern at a cross linking agent and 
coincidence, crosslinking reaction is perfect and it checked that there was no pattern deformation also at 
BEKU which is 180 degrees C. 

[0019] The 5-% of the weight solution of a chlorobenzene was prepared using Epon 815 (product made 
from WAKO) as example 12 cross linking agent. The pattern obtained like examples 4-8 was immersed in 
the liquid for 1 minute, and pattern deformation was evaluated. It checked that even 140-degree C BEKU 
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dfd not have deformation. 

[0020] In example 13 examples 4-8, when solution temperature in immersion processing was made into 80 
degrees C, diffusion and crosslinking reaction of the cross linking agent to a pattern were promoted. For 
this reason, even 180-degree C BEKU all checked not producing pattern deformation by making the 
obtained resist pattern construct a bridge by 100-degree C dehydration bake. 

[0021] In example 14 example 1, far ultraviolet rays were irradiated in front of dehydration bake. Then, 
although 10% of volumetric shrinkage arose when dehydration bake was carried out, the thermal resistance 
of 200 degrees C or more was accepted. Moreover, the breakaway resistance from the substrate in a 
fluoric acid water solution has been improved. 
[0022] 

[Effect of the Invention] The pattern formation approach of this invention has the description which can 
control the pattern deformation in etching in the pattern formation of a tBOC system chemistry 
magnification mold resist by making a pattern diffuse a cross linking agent, and making a bridge construct 
with base resin. Since highly precise etching is attained and it excels in the dimension controllability by this 
approach, it is useful to micro processing of a semiconductor integrated circuit. Moreover, it was effective 
in the breakaway resistance over a fluoric acid water solution being improved sharply. 
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